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0 Apparatus and method for the deep cryogenic treatment of materials. 



0 Apparatus and method for the ultralow tempera- 
ture processing of metallic, carbide, ceramic and 
plastic parts and items to materially increase tiieir 
wear, abrasion, erosion and corrosion resistivity, sta- 
bilize their strength characteristics, improve their ma- 
chinability and provide stress relief. An insulated 
box-like treatment chamber (10) is disclosed which 
includes a perforated platform (32) extending parallel 
to and spaced above the bottom of the chamber 
(20). Parts and items to be treated are supported on 
the platfonnn (32) and cryogenic liquid is introduced 
into the chamber below the platform (32) in accor- 
dance with a time-temperature program which re- 
duces the temperature of the parts and items in 
stages to -195° C (-320° F) by initial cooling of the 
parts and items by evaporating vapors from the 
^cryogenic liquid pool in the space below the platform 
^ and thereafter by partial or substantial submersion of 
00 the parts and items in the cryogenic liquid. After a 
^Boak period at the -195 ° C (-320° F) temperature 
^ level, the temperature of the parts and items in the 
r- treatment chamber is raised to ambient by controlled 
^evaporation of the .cryogenic liquid therein. Tempera- 
ture and liquid level rnonitoring devices are mounted 
Oin the treatment chamber and information derived 
Q_ therefrom is utilized by a process controller to direct 
LU the supply of cryogenic liquid to the treatment 
chamber in accordance with the desired temperature 
descent and ascent profiles for the weight of the 



parts within the chamber. 
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APPARATUS AND METHOD FOR THE DEEP CRYOGENIC TREATMENT OF MATERIALS 



Background of the Invention — 

The present invention relates to the improve- 
ment of materials through low temperature treat- 
ment. More particularly, the invention relates to the 
improvement of abrasive wear, corrosive wear, ero- 
sive wear and related physical characteristics, i.e., 
stress relief and stabilization, in a wide variety of 
materials, including metals, metallic alloys, car- 
bides, plastics and ceramics, through deep cryo- 
genic processing. 

Ultralow temperature treatment (-185°C to - 
195° C [-300° F to -320 °F]) or deep cryogenic 
processing of metals, particularly metals in the 
form of cutting tools, has been known to show 
some improvement in abrasion and corrosion resis- 
tance along with reduction of internal stresses and 
improved material stability. Thus, ultralow tempera- 
ture treatment of metal tools results in improve- 
ment in the wear resistance of such tools 
(increases tool life) whereas the heat treatment of 
metal tools is utilized to obtain desired combina- 
tions of metal hardness, toughness and ductility. 
With deep cryogenic processing there Is no 
change in the dimension, size or volume of the 
parts- or items treated, and the hardness of the 
items is not altered. 

Deep cryogenic processing has been used for 
the wear improvement treatment of: industrial cut- 
ting tools (dies, stamping dies, drills, end mills, 
taps, reamers, hobs, gear cutters, broaches, etc.); 
hand tools (knives, chisels, plane irons, saws, 
punches, files, etc.); turbine blades; rotating and 
sliding machine items (ball and roller bearings, 
piston rings, bushings, etc.): springs; resistance 
welding electrodes; and castings and forgings. The 
materials treated have included: steel and steel 
alloys; titanium and titanium alloys; high-nickel al- 
loys; copper and brass; aluminum and aluminum 
alloys; metal carbides and nitrides; ceramic materi- 
als; and a wide variety of plastic materials including 
nylons and teflons. 

Ultralow temperature treatment has been prin- 
cipally carried out using liquid nitrogen as the 
cooling medium. Temperature descent from am- 
bient temperature to deep cryogenic temperatures 
of -185' C to -195° C (-300 °F to -320° F) takes, 
under most known cryogenic procedures, about 8 
hours. The parts or items under treatment are 
maintained at the ultralow temperature for 10-20 
hours and then returned to ambient temperature 
over a period of as much as 30 hours. The treat- 
ment results are frequently unpredictable. 

For industrial items made of steel and steel 



alloys, deep cryogenic treatment seems to remove 
the kinetic energy of the atoms making up such 
items. There is a normal attraction between atoms, 
but their energy of motion tries to keep them apart 

5 unless such energy is removed, as by low tern- . 
perature treatment. Treatment at below -185° C (- 
300 ° F) transforms retained soft austenite (one form 
of crystalline steel) into the more stable hard mar- 
tensite form of steel. During this transformation, 

70 additional smaller carbon carbide particles are re- 
leased and evenly distributed throughout the mass 
of the material. These smaller carbide particles 
help support the martensite matrix. In cutting tools, 
this reduces the heat buildup on th.e cutting edge 

15 and this in turn increases the wear resistance of 
the tools. Improvements in the resistance to wear 
can and does reduce the cost of products pro- 
duced by machine tools because of longer tool life, 
less scrap, fewer rejections and less production 

20 down time. It has been reported that deep cryo- 
genic treatment of tool alloys has resulted in im- 
provement in wear resistance by factors of as 
much as 2-6 times. 



Summary of the Invention 

On© aspect of tiie present invention relates to 
an improved and unique treatment chamber for 

30 carrying out the deep cryogenic processing of me- 
tallic, carbide, ceramic and plastic items and parts 
to materially increase their wear resistivity, improve 
their machinability. and provide stress relief and 
stabilization. Another aspect of the invention relates 

35 to an improved method for cryogenic processing of 
metallic, carbide, ceramic or plastic parts (or 
items). 

The present invention provides an apparatus 
for carrying out the deep cryogenic procesang of 

40 metallic, carbide, ceramic and plastic parts to ma- 
terially increase their wear, abrasion, erosion and 
corrosion resistivity, stabilize their strength char- 
acteristics, improve their machinability and provide 
stress relief comprising: a box-like treatment cham- 

45 ber including side and end walls and a bottom wall 
each constructed of a central core of temperature- 
insulating material with inner and outer metallic 
sheathing, the inner metallic wall sheathing of the 
chamber being sealed at each intersecting comer 

50 and seam thereof to render the chamber liquid tight 
and of sufficient thickness and character to with- 
stand long-term exposure to cryogenic liquids at 
temperatures of at least as low as -195*0 (- 
320* F), the..central insulation core of each wall of 
the chamber having sufficient temperature insulat- 
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ing properties so as to maintain the external tem- 
perature of the chamber at approximately ambient 
temperature when the inside of the chamber is 
exposed to cryogenic liquids at temperatures of at 
least as low as -195° C (320° f); a top closure for 
the chamber constructed of a central core of tem- 
perature insulating material witi inner and outer 
metallic sheathing, the top closure being seaiable 
to the chamber and the central Insulation core of 
the closure having sufficient temperature insulating 
properties so as to maintain the external tempera- 
ture thereof at approximately ambient temperature; • 
a perforated platform for supporting parts to be 
treated within the chamber, the platform being po- 
sitioned within the treatment chamber parallel to 
and spaced above the bottom wail thereof and 
defining with the bottom wall a chamber space into 
which cryogenic liquid may be introduced to the 
chamber without contact witii parts to be treated 
which are supported on the platform; cryogenic 
liquid supply feed i:»pe means within the treatment 
chamber and having liquid discharge means posi- 
tioned between the perforated platform and the 
bottom wall of the chamber and oriented to distrib- 
ute cryogenic liquid to the chamber space below 
the perforated platform without splashing the liquid 
above the platform; cryogenic process controller 
means for receiving a program of temperature de- 
scent and temperature ascent profile information, 
parts loading weight infonnation, and monitored 
temperature and liquid level information respecting 
the treatment chamber and for directing the supply 
of cryogenic liquid to the treatment chamber in 
accordance with the program and monitored in- 
formation; means for supplying cryogenic liquid to 
the feed pipe means as directed by the controller 
means to carry out the temperature descent profile 
and temperature ascent profile program for the 
ultralow temperature treatment of parts within the 
treatment chamber and positioned on the perfo- 
rated platform; ' means at the upper portion of the 
treatment chamber for exhausting low temperature 
vapor, evaporating from the cryogenic liquid within 
the chamber, from the chamber with the removal of 
heat energy therewith; and temperature and liquid 
level measuring means within the treatment cham- 
ber for monitoring the temperature of cryogenic 
liquid and evaporating vapor and the level of cryo- 
genic liquid within the chamber and for reporting 
same to the controller means for utilization by the 
controller means to direct the feed pipe supply 
means in its delivery of cryogenic liquid to the 
chamber space below the perforatecl platform to 
maintain the temperature within the treatment 
chamber in -accordance with the descent and as- 
cent profiles of fhe ultralow temperature treatment 
program. 

in another aspect, the present invention pro- 



vides a method for carrying out the deep cryogenic 
processing of metallic, carbide, ceramic and plastic 
parts or items to materially increase their wear, 
abrasion, erosion and corrosi qrL re sistivity, stabilize 
5 their strength characteristics, improve their machin- 
abiiity and provide stress relief comprising; posi- 
tioning the parts or items within a closed insulated 
low temperature treatment chamber above a pool 
of cryogenic liquid and subjecting the parts or 
JO items to the cold vapors evaporating from the pool 
to cool the parts or items over a period of from 
about 3 hours to about 24 hours to reduce the 
temperature of the parts or items to about -1 29 ° C 
(-200* f=): increasing the volume of the cryogenic 
js liquid pool within the closed chamber below the 
parts or items to further cool the parts or items by 
the cold vapors evaporating from the pool over an 
additional period of from about 1 to about 1 2 hours 
to reduce the temperature of the parts or items to 
20 about -173° C (-280° F); further increasing the vol- 
ume of the cryogenic liquid within fhe closed 
chamber to partially submerge the parts or items in 
the. liquid and thereby further cool same over a 
period of from about 0.5 to about 13 hours to 
25 reduce the temperature of the parts or items to 
about -185°C (-300° F) to about -195* C (-320° F); 
still further increasing the volume of the cryogenic 
liquid within the closed chamber to further sub- 
merge the parts or items in the liquid and soaking 
30 the parts or items therein over a period of about 24 
hours to maintain the parts or items at a tempera- 
ture of about -195' C (-320° F) during that period; 
and permitting the cryogenic liquid within the 
chamber to evaporate over a period of from about 
35 8 hours to about 46 hours with the removal of the 
vapors of evaporation from the closed chamber 
whereby the temperature of the parts or items 
increases to ambient temperature. 

Through operation of the apparatus of the in- 
40 vention, and practice of the methodology, signifi- 
cant improvement of wear resistance of metallic, 
carbide, ceramic and plastic materials has been 
achieved with highly predictable repeatability. Prac- 
tice of the methodology may add as much as 10- 
45 1 5% to the basic cost of parts or items treated, but 
materially improves the wearability thereof, thus 
increasing part life by 2-6 times, without changing 
the other desirable physical characteristics of such 
parts. No dimensional changes occur in the parts 
so processed by the ultralow temperature processing. 
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Brief Description of the Drawings 

FIG. 1 is a perspective view of an ultralow 
temperature treatment chamber, front wall partially 
cut away and top in an open position, for carrying 
out deep cryogenic processing of materials in ac- 
cordance with the present invention; 

RG. 2 is a front section view of the treat- 
ment chamber of FIG. 1 taken on line 2-2 of FIG. 1 : 

RG. 3 is a top section view of the treatment 
chamber of RG. 1 taken on line 3-3 of RG. 2; 

FIG. 4 is a sdiematic block diagram showing 
the principal apparatus components and operation- 
al systems, with inten:onnections. of the invention; 
and 

FIG. 5 is a time-temperature diagram show- 
ing processing profiles for cryogenic treatment of 
five weight loadings of metallic parts in accordance 
with the invention. 



Detailed description of the Invention 

Referring initially to FIG. 1 there is shown in a 
perspective view, partially cut away, an ultralow 
temperature treatment chamber 10 for carrying out 
deep cryogenic processing of metallic, carbide, 
ceramic and plastic parts and items to greatly 
improve their resistivity to abrasion wear, corrosive 
wear, and erosion wear in accordance with the 
present invention. The chamber 10 is comprised of 
front and rear walls 12 and 14, respectively, side 
walls 16 and 18 and a bottom wall 20. These walls 
are all formed of a relatively thick center layer of 
insulating material, such as a rigid foam plastic 
material, with an inside sheath of aluminum alloy 
sheeting and outside welded sheath of steel sheet- 
ing of adequate thickness to provide structural in- 
tegrity to the chamber 10 to support and contain 
the load of materials (parts or items) to be pro- 
cessed within the chamber. The inside metallic 
sheathing must be sealed at all seams (as by 
welding) to provide a liquid-tight inner shell for the 
chamber. The chamber size is dictated by the size 
and number of parts that the user desires to pro- 
cess in a single treatment batch. The chamber, 
therefore, may be fabricated to hold as little as 22 
kg (50 pounds) of parts and have an effective 
intemal processed-parts volume of 0.028 m- (1 
cubic foot), or the chamber may be constructed 
(with appropriate outer sheath structural reinforce- 
ment) to hold 9,000 kg (20.000 pounds) or more of 
parts and have an internal processed parts volume 
of 7 m^ (250 cubic feet) or more. 

The chamber 10 is provided with a removable 
top 22 (as shown in FIG. 1) or with a hinged lid. 
The top 22 or lid is comprised of a relatively thick 
layer of insulating material and outer steel plate 26. 



As in the case of the chamber w^ls. an insulation 
layer 24 comprises part of top 22. The insulation 
material is encased in an inaic|g- sheath of steel 
sheeting and such sheath is' appropriately welded 

5 to top plate 26. Whether hinged to chamber 10 or 
stnjctured to be entirely removable ( as shown in 
FIG. 1). the chamber top 22 must be designed to 
provide sealing closure of chamber 10 during the 
ultralow temperature processing of parts therein. 

70 Thus, an appropriate number of latch-lock fasteners 
28 must be provided around the periphery of>the 
top 22 for engagement with mating fastener means 
30 affixed to the upper portions of the front, back 
and side walls of chamber 10. 

IS The lower portion of cryogenic treatment 
chamber 10 is provided with a removable raised 
parts support platform or grid 32 (may be sup- 
ported above bottom wall 20 as by brackets 32a) to 
provide a space 34 (between bottom wall 20 and 

20 platform 32) for the initial charge to the chamber of 
cryogenic liquid. The platform or grid 32 is uni- 
formly perforated with small holes 32b for the pas- 
sage of the extremely cold vapor (evaporating from 
cryogenic liquid in space 34) or cryogenic liquid 

25 itself into the upper areas of chamber 10 for cool- 
ing contact with parts P supported on platform 32 
and undergoing ultralow temperature treatment in 
accordance with the invention. The cryogenic liquid 
cooling medium (preferably liquid nitrogen having a 

30 boiling point temperature of -195' C [-320 °F]) is 
introduced to the bottom area 34 of chamber 10 
through a fluid feed pipe or conduit 36 which 
extends downwardly from its upper chamber entry 
pipe section 36a to its fluid discharge end 36b. As 

35 shown in FIG. 3, the feed pipe 36 may be con- 
nected at its lower end 36b to (and feed) a fluid 
distribution manifold 36c which includes side rows 
of uniformly spaced perforations or ports 36d. The 
feed pipe 36 is fed with cryogenic liquid through 

40 supply line 38 extending through chamber wall 1 6. 
The rate of liquid feed through line 38 is controlled 
and directed by a pulse rated solenoid valve 40 as 
described hereinafter. The manifold or phase sepa- 
rator 36c sits in a slightly elevated position (as by 

45 support legs, not shown) above bottom wall 20 and 
such position and the arrangement of manifold or 
phase separator perforations or distribution ports 
36d results in a substantially uniform distribution 
and mixing of the cryogenic liquid over and 

50 throughout bottom area 34 of the chamber 10. 
Thereby, particularly for large size treatment cham- 
bers, the evaporation of the cryogenic liquid to 
cooling vapor is highly controllable and uniform 
over the liquid surface and upwardly into the upper 

55 areas of the chamber 10. The feed pipe discharge 
end 36b (FIG. 2) or configuration of the manifold 
36c (when utilized as shown in FIG. 3) and the 
perforated platform 32 design (supporting the parts 
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and items undergoing ultralow temperature pro- 
cessing) cooperate to prevent splattering and 
splashing of cryogenic liquid onto the nnaterials on 
the platform thereby avoiding the occunrence of 
sudden daniaging thermal shock to such materials. 
Splashing and splattering of cryogenic liquid within 
chamber 10 is also avoided by the controlled rela- 
tively slow entry rate of such liquid into the cham' 
ber through the manifold's distribution ports 36d 
until the mixing pool of cryogenic liqurd in the 
bottom of the chamber has reached a pre-pro- 
grammed level. 

At ttie top of the treatment chamber 10. posi- 
tioned appropriately on the front, back and/or side 
walls, there is located one or more gas exhaust 
vents 42. with associated exhaust piping 44. so that 
warmer gas or v^or (accumulating near the top of 
the chamber>.can escs^e the chamber carrying out 
the heat energy given up fay aie materials under 
treatment within- the chamber. Also mounted at the 
bottom of one or more of such walls (or on the 
chamber floor 20) are submersible strip heater 
units 46 which, (as described hereinafter) are uti- 
lized during the part of the processing cycle 
wherein temperature ascent is effected. For further 
use in connection with the control of the tempera- 
ture ascent portion of the processing cycle, there Is 
provided one or more gas circulation fans 48 which 
depend from inside the chamber top or lid 22 
and/or are mounted at the top of the chamber walls 
and ^e driven by the appropriate fan motors 50 
controlled by the time-temperature program cir- 
cuitry. 

Along the height of side wall 18 there are 
positioned quench control sensors S-1 , S-2, S-3, S- 
4 and S-5 which monitor the level of the cryogenic 
liquid in the treatment chamber and report the 
varying liquid levels to the system's process cycle 
control center. Sensor S-1 is located about midway 
between bottom wall 20 and platform or grid 32 
and sensor S-2 is located at the grid level. Sensor 
S-5 is located at the point of maximum permissible 
liquid level within chamber 10 and below the entry 
height of feed pipe 36 (height of entry pipe section 
36a). Sensors S-3 and S-4 are positioned inter- 
mediate sensors S-2 and S-5 with appropriate 
spacing. Positioned on the side wail 16 of chamber 
10 are electronic temperature sensors T-1, T-2, T- 
3, T-4, and T-5 located at the same levels within 
the chamber as the liquid level sensors S-1 to S-5 
to measure the temperature of the ultracold vapor 
circulating about the parts under treatment in the 
up'per part of the chamber and of the cryogenic 
liquid in the lower part of the chamber. The treat- 
ment chamber 10 may be provided with a second 
set of temperature sensors T-1 to T-5 located on 
one .of the other walls of the chamber at like 
vertical locations with the temperature sensed by 



each pair of sensors T-1 . T-2, etc. being averaged 
by the process control circuitry so that more ac- 
curate measurement of the temperature conditions 
within the chamber is obtai ned for utilization in 
5 control of the cryogenic treatment program. 

FIG. 2, as a front section view of the treatment 
chamber of FIG. 1. should be referred to for its 
showing of the elevation relationships of the parts 
support platform 32, quench control sensors S-1 to 
70 S-5 and temperature sensors T-l to T-5. Such 
figure also shows the positions of the gas exhaust 
vents 42 and heaters 46 on the chamber walls at 
the bottom of the chamber 10, as-well-as the posi- 
tion of the circulating fans 48. FIG. 3, as a top 
75 section view of the treatment chamber of FIG. 1, 
should be referred to for its showing of the configu- 
ration' of the cryogenic liquid distribution manifold 
or phase separator 36 (when it is used in large 
treatment chambers) and the position of the rows 
20 of liquid discharge ports 36d to assure substantially 
uniform fluid distribution and mixing of the cryo- 
genic liquid entering chamber 10 below the parts 
support platform or grid 32. 

Referring now to FIG. 4, there is shown in 
25 schematic block diagram fashion the principal com- 
ponents and operational systems, with interconnec- 
tion, of the ultralow temperature treatment system 
of the invention. The cryogenic treatment chamber 
10 is shown to contain parts platform 32, liquid 
30 distribution feed pipe 36, exhaust gas vents 42, 
heaters 46 and circulation fans 48, as well as liquid 
level sensors S-1 to S-5 and temperature sensors 
T-1 to T-5. A process program controller 52 is 
interconnected to the treatment chamber so as to 
35 receive liquid level measurements from sensors S- 
1 to S-5 (via transmission cable 54) and tempera- 
ture measurements from sensors T-1 to T-5 by 
transmission cable 56. Infonnnation relative to the 
weight of the parts to be treated within chamber 10 
40 is input to the controller 52 (load weight settings 
58) along with appropriate time-temperature cycle 
data (cycle profile settings 60). Control of the cryo- 
genic treatment process, to and through the "soak" 
mode, is accomplished by controller 52 (including 
45 its software program) through direction (via cable 
62) of pulse rated solenoid valve 40 (located in 
cryogenic liquid supply line 38), thereby initiating 
and regulating the rate of flow of cryogenic liquid to 
the fluid distribution feed pipe 36. Supply line 38 
50 connects to cryogenic liquid supply vessel 64. Fol- 
lowing the 24 hour "soak" mode the temperature 
"ascent" mode is commenced with the termination 
of all cryogenic liquid feed into chamber 10 and, in 
accordance with the "ascent" mode temperature 
55 rise profile (set into the software program followed 
by program controller 52). the controller initiates 
the operation of heaters 46 and circulation fans 48 
(as required) via direction communicated via cables 
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■66 and 68, respectively. The heaters and circula- 
tion fans are utilized, as required, to speed up the 
evaporation of the cryogenic liquid within the treat- 
ment chamber and maintain the 'pre-programmed 
temperature profile during the "ascent" mode and 
return the chamber and its parts contents to am- 
bient temperature. 

As previously indicated, the improved method 
of the invention for carrying out the efficient deep 
cryogenic treatment of metallic, carbide, ceramic 
and plastic parts and items to significantly incre^e 
the wear resistivity of such parts and items, in- 
cludes the process modes of: a) "descent", b) 
"grid-level", c) "pre-soak". d) "soak" and e) 
"ascent". In prior art cryogenic treatment methods 
only three modes of processing have been used, 
including: a) temperature descent from ambient to 
temperatures in the range of -185' C to -195* C (- 
300' F to -320' F) in about 8 hours, followed by b) 
a soak period (at the -185' C to -195' C [-300* F to 
-320* F] level) of 10-20 hours, and c) a temperature 
ascent period of as much as 30 hours. Such pro- 
cessing has classically been canied out "dry", i.e.. 
without the treated parts coming in direct contact 
with any cryogenic liquid. Although the wear re- 
sistivity of treated parts has been noted to improve 
as a result of such processing, the results for like 
parts have been inconsistent and unpredictable 
with reliable certainty. 

The unique processing methodology of the 
present invention provides that the parts under 
ultralow temperature treatment be kept dry only 
during the "descent" and "grid-level" modes, i.e., 
during the period within which the temperature 
within the treatment chamber Is first reduced from 
ambient to -129° C (-200° F), a period of about 3 to 
24 hours for load weights ranging from 22 to 9000 
kg (50 to 20,000 pounds), and then reduced from 
-129° C to -173° C (-200* F to -280 ' F) over a pe- 
riod of about 1 to about 12 hours. Thereafter, the 
parts are no longer susceptible to thermal shock by 
contact with the cryogenic liquid and the succeed- 
ing process modes are carried out with the cryo- 
genic liquid partially or fully submerging the parts 
under treatment. For load weights ranging from 22 
kg to 9000 kg (50 to 20,000 pounds), the "pre- 
soak" mode provides a temperature descent from 
about -173' C to about -185° C (-280° F to -300 ' F) 
and the liquid level is raised up to 50% to 75% of 
the maximum liquid level height of the chamber. 
The "pre-soak" mode lasts for a period of from 
about 0.5 hour to about 13 hours. As previously 
indicated, the "soak" mode at -185° C to -195° C (- 
300* F to -320° F) lasts for about 24 hours with 
submersion of the parts or items in the cryogenic 
medium, the level of which may be raised up to 
75% to 100% of the maximum liquid level height. 
The "ascent" mode for the load weight range of 22 



to 9O0O kg (50 to 20,000 pounds) at -195' C (- 
320 'F) to ambient temperature lasts for about 8 
hours to about 46 hours as the cryog enic liquid is 
allowed to evaporate (boil off) until the chamber is 

s free of the liquid and the chamber temperature has 
reached ambient temperature. One or more of the 
submersion heaters may be cycled on-off during 
the "ascent" mode to assure that a unifonm tem- 
perature ascent profile Is maintained. 

10 In RQ. 5 there is presented a series of time- 
temperature diagrams showing processing mode 
profiles for the cryogenic treatment of a number of 
treatment chamber loadings of metallic p^s in 
accordance with the invention. Treatment mode 

75 periods are indicated for chamber loadings of 54 
kg (120 pounds). 127 kg (280 pounds). 453 kg 
(1,000 pounds). 906 kg (2.000 pounds) and 9060 
kg (20.000 pounds) of the metallic parts. 

Through practice of the methodology of the 

20 invention, and utilization of the treatment chamber 
apparatus thereof, substantial improvement in part 
wearability has been achieved with high reliability 
and repeatability. Thus, for example: high silicon 
steel alloy drill bits have shown a life improvement 

25 of 2 to 1 over untreated bits; carbide faced milling 
tools have shown a life improvement of 4 to 1; 
high-nickel hobs (used by turbine blade manufac- 
turers) have shown a life improvement of 3 to 1; 
stainless steel razor blades have shown a life im- 

30 provement of 15 to 1; and copper electrodes an 
improvement of 6 to 1 . 

In the specification and drawing figures there 
has been set forth preferred embodiments of the 
invention and although specific terms have been 

35 employed, they are used in a generic and descrip- 
tive sense only and not for purposes of limitation, 
the scope of the invention being defined in the 
following claims. 

40 

Claims 

1. Apparatus for carrying out the deep cryo- 
genic processing of metallic, carbide, ceramic and 

45 plastic parts to materially increase their wear, abra- 
sion, erosion and corrosion resistivity, stabilize their 
strength charactenstics, improve their machinability 
and provide stress relief comprising: 

a) a box-like treatment chamber including 

so side and end walls and a bottom wall each con- 
structed of a central core of temperature insulating 
material with inner and outer metallic sheathing, the 
inner metallic wall sheathing of said chamber being 
sealed at each intersecting corner and seam there- 

55 of to render said chamber liquid tight and of suffi- 
cient thickness and character to withstand long- 
term exposure to cryogenic liquids at temperatures 
of at least as low as -195* C (-320* F). the central 
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insulation core of eacli wall of said chamber having 
sufficient temperature insulating properties so as to 
maintain the external temperature of said chamber 
at approximately ambient temperature when the 
inside of said chamber is exposed to cryogenic 
liquids at temperatures of at least as low as - 
195°C (-320>); 

b) a top closure for said chamber construct- 
ed of a central core of temperature insulating ma- 
terial with inner and outer metallic sheathing, said 
top closure being scalable to said chamber and the 
central insulation core of said closure having suffi- 
cient temperature insulating properties so as to 
maintain the external temperature thereof at ap- 
proximately ambient temperature; 

c) a perforated platform for supporting parts 
to be treated within said chamber, said platform 
being positioned within said treatment chamber 
parallel to and spaced above the bottom wall there- 
of and defining with said bottom wall a chamber 
space into which cryogenic liquid may be intro- 
duced to said chamber without contact with parts 
to be treated which are supported on said platform; 

d) Cryogenic liquid supply feed pip© means 
witiiin said treatment chamber and having liquid 
discharge means positioned between said perfo- 
rated platform and the bottom wall of said chamber 
and oriented to distribute cryogenic liquid to the 
chamber space below said perforated platform 
without splashing said liquid above said, platform; 

e) cryogenic process controller means for 
receiving a program of temperature descent and 
temperature ascent profile information, parts load- 
ing weight information, and monitored temperature 
and liquid level information respecting said treat- 
ment chamber and for directing the supply of cryo- 
genic liquid to said treatment chamber in accor- 
dance with said program and monitored informa- 
tion: 

f) means for supplying cryogenic liquid to 
said feed pipe means as directed by said controller 
means to carry out the temperature descent profile 
and temperature ascent profile program for the 
ultralow temperature treatment of parts within said 
treatment chamber and positioned on said perfo- 
rated platform; 

g) means at the upper portion of said treat- 
ment chamber for exhausting low temperature va- 
por, evaporating from the cryogenic liquid within 
said chamber, from said chamber with the removal 

. of heat energy there-with; and 

h) temperature and liquid level measuring 
means within said treatment chamber for monitor- 
ing the temperature of cryogenic liquid and 
evaporating vapor and the level of cryogenic liquid 
within said chamber and for reporting same to said 
controller means for utilization by said controller 
.means to direct the feed pipe supply means in its 



delivery of cryogenic liquid to the chamber . space 
below said perforated platfonn to maintain the tem- 
perature within said treatment chamber in accor- 
dance with the descent and agce nt profiles of said 

5 ultralow temperature treatment program. 

~2. Apparatus for carrying out the deep cryo- 
genic processing of metallic, carbide, ceramic and 
plastic parts as claimed In claim 1 wherein the 
means for supplying cryogenic liquid to said feed 

TO pipe supply means comprises a cryogenic liquid 
supply storage vessel and a pulse rated solenoid 
valve in the piping between said vessel and said 
feed pipe supply means, said valve being operated 
by said controller means. 

75 3. Apparatus for carrying out the deep cryo- 

genic processing of metallic, carbide, ceramic and 
plastic parts as claimed in claim 1 wherein heater 
means are provided within said treatment chamber 
at the bottom portion thereof for heating the cryo- 

20 genie liquid therein during the temperature ascent 
portion of an ultralow temperature program for ac- 
celerating the evaporation of said liquid. 

4. Apparatus for carrying out deep cryogenic 
processing of metallic, carbide, ceramic and plastic 

as parts as claimed in claim 1 wherein fan means are 
provided within said treatment chamber at the up- 
per portion thereof for circulating cryogenic vapor 
within the upper part of said chamber above the 
level of cryogenic liquid therein prior to and during 

30 the temperature ascent portion of an ultralow tem- 
perature processing program for aiding in the con- 
trol of the evaporation of said liquid. 

5. Apparatus for carrying out the deep cryo- 
genic processing of metallic, carbide, ceramic and 

35 plastic parts as claimed in claim l wherein the 
temperature measuring means within said treat- 
ment chamber consists of electronic temperature 
sensors located at a multiplicity of levels in said 
chamber including at least the level of the'perfo- 

40 rated platform for supporting parts to be treated 
within said chamber and the maximum level to 
which cryogenic liquid is to be permitted to rise 
within said chamber. 

6. Apparatus for can7ing out the deep cryo- 
45 genie processing of metallic, carbide, ceramic and 

plastic parts as claimed in claim 1 wherein the 
liquid level measuring means within said treatment 
chamber consists of electronic liquid level sensors 
located at a multiplicity of levels in said chamber 
50 including at least the level of the perforated plat- 
form for supporting parts to be treated within said 
ciiamber and the maximum level to which cryo- 
genic liquid is to be permitted to rise within said 
chamber. 

55 7. Apparatus for carrying out the deep cryo- 

genic processing of metallic, carbide, ceramic and 
plastic parts as claimed in claim 1 wherein the 
temperature and liquid level measuring means 
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within said treatment chamber consist of electronic 
sensors which measure both the temperature and 
liquid levels at a multiplicity of levels in said cham- 
ber Including at least the level of the perforated 
platform for supporting parts to be treated within 
said chamber and the maximum level to which 
cryogenic liquid Is to be pennitted to rise within 
said chamber. 

8. Apparatus for carrying out the deep cryo^ 
genie processing of metallic, carbide, ceramic and 
plastic parts as claimed in claim 1 wherein tlie 
cryogenic liquid supply feed pipe means includes a 
manifold section extending longitudinally across the 
bottom wall of said treatment ciiamber below said 
perforated platform, said manifold section having a 
multiplicity of liquid discharge ports along its iengtii 
to distribute cryogenic liquid to the chamber space . 
belQw said platform. 

9. A method for carrying out the deep cryo- 
genic processing of metallic, carbide, ceramic and 
plastic parts to materially increase their wear, abra- 
sion, erosion and con'osion resistivity, stabilize their 
strength characteristics, improve their machinability 
and provide stress relief comprising: 

a) positioning said parts within a closed 
insulated low temperature treatment chamber 
above a pool of cryogenic liquid and subjecting 
said parts to the cold vapors evaporating from said 
pool to cool said parts over a period of from about 
3 hours to about 24 hours to reduce "tiie tempera- 
ture of said parts to about -129* C (-200* F); 

b) increasing the volufne of said cryogenic 
liquid pool within said closed chamber below said 
parts to further cool said parts by the cold vapors 
evaporating from said pool over an additional pe- 
riod of from about 1 to about 12 hours to reduce 
the temperature of said parts to about -173° C (- 
280' F); 

c) further increasing the volume of said 
cryogenic liquid within said closed chamber to par- 
tially submerge said parts in said liquid and there- 
by further cool same over a period of from about 
0.5 to about 13 hours to reduce the^temperature of 
said parts to about -185* C (-300*1=) to about - 
195* C (-320' F): 

d) still further increasing the volume of 
said cryogenic liquid within said closed chamber to 
further submerge said parts in said liquid and soak- 
ing said parts therein over a period of about 24 
hours to maintain said parts at a temperature of 
about -195° C (-320° F) during said period; and 

e) permitting the cryogenic liquid within 
said chamber to evaporate over a period of from 
about 8 hours to about 46 hours with the removal 
of the vapors of evaporation from said closed 
chamber whereby the temperature of said parts 
increases to ambient temperature. 



10. The method for carrying out the deep 
cryogenic processing of metallic, carbide, ceramic 
and plastic parts as claimed in clsiia 9 wherein the 
weight of the parts to be processed within said 

s closed treatment chamber is between 22 and 9060 
kg (50 and 20,000 pounds). 

11. The method for carrying out the deep 
cryogenic processing of metallic, carbide, ceramic 
and plastic parts as claimed in claim 9 wherein 

10 heat is added to said closed treatment chamber 
during the period within which said cryogenic liquid 
Is permitted to evaporate without the addition of 
cryogenic liquid to accelerate the evaporation of 
such liquid. 

76 .12. The method for carrying out the deep 

cryogenic processing of metallic, carbide, ceramic 
and plastic parts as claimed in claim 9 wherein the 
temperatures of the pool of cryogenic liquid within 
said closed treatment chamber and the vapors 

20 evaporating from said pool are continuously mon- 
"rtored during the periods of reduction of tempera- 
tajre and period of increase of temperature in said 
chamber, and the level of cryogenic liquid within 
said closed treatment chamber is continuously 

25 monitored during the periods of reduction of tem- 
perature and period of increase of temperature in 
said chamber, and said monitored temperatures 
and said monitored level of cryogenic liquid within 
said chamber are utilized to control the supply of 

30 cryogenic liquid to said chamber and thereby the 
volume of said liquid therein to carry out the deep 
cryogenic processing of said parts. 

13. The method for carrying out the deep 
cryogenic processing of metallic, carbide, ceramic 

35 and plastic parts as claimed in claim 9 wherein the 
cryogenic liquid within said closed treatment cham- 
ber is introduced thereto through multiport manifold 
means to uniformly distribute and mix said liquid 
throughout the pool of cryogenic liquid within said 

40 chamber. 

14. The method for carrying out the deep 
cryogenic processing of metallic, carbide, ceramic 
and plastic parts as claimed in claim 9 wherein the 
cold vapors within the upper part of said closed 

45 treafinent chamber are force circulated within said 
chamber part to aid in the control of the evapora- 
tion of the cryogenic liquid in said chamber. 
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